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COMPLETE SPEOFIGATION 
ImiMroveineitts rdlating to Electrodialytic Cells 


The FEBMum Oompjuit Limzted^ a 
Bxitish Company^ cf Penmitk Hoos^ 
bury Avmps, Ixmdon^ WAy do iKXidby declare 
die ixxvcctdoii} for iiiiiidi wc pscay tint a patent 
may be granted to us, and themediod by which 
Jt is to be pexfonnedi to be parocnlaiiy 
descAed In and by die f ofiondng statch' 
ment: — 

^ It is hnymi to remove dissolved salts from 
HqnUs by pasmg the fiqnid in qoesticm 
duou^ eray abmate cooapsztiQeQ^ q£ a 
tDiiM-conq^BXtiiicnt dccjmdia^rtic ocU in wbidi 
fSb& ooamMBirtiiietttis ate separated fniza one 
snodier ian-sdective memtonea. 

Ftooesses of tida Hod are very aidtaUe for 
the donfaietaHBaiioa of water by the passage 
of die mter thtoog^ oampartments eadi 
bounded <m one side by a catk»MciIecdve 
noendnaoe end on die other side by an mkm- 
sdective membrane^ while ^.second dectroiyte 
(mialfy abo water) flom thnni^ die zcmam- 
wg cfuupaF&nents to reodhre me ions trans^ 
pocted tfixou^ the membranes by the electric 
cnxxent flowing dirough die cdL the 
total anoont cf diKoaved $o3ids in die water 
under treatjnent faCs to about SOOpimor is 
no mote dun this inidally, it is necessazy to 
apply so high a viiltage to die cdl that the 
process ceases to be ecoooanic. 

2t is also^ known to fiH the compartments 
with granular lon-esdiange matexuL The 
reason for d€Sxi0 this is to increase die dec- 
tticsd condnctxviiy in the oonmartmeats and so 
to reduce die overaH ek)Cttical resistance when 
the coacentratian <^ ionised dissolved soilkls 
in die liquid is low. Conseqneudy water 
taking less than 500 jagm nM dissobed 
sdids can be economicaOy ticsaed 

Hie granular ion-eschans^ materials most 
widdy used at the present time are rain beads 
of from 05 to 1 mm in diameter* Now the 
use of granules «xdi as resin beads has several 
disadvantages. Firs^ it is difficult to 
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diat dn^ are initially disuibmed evenly widdn 
a compartmeat and that the several oc»xxpart** 
ments tiuoi^ wliicfa d^ Hqnid to be treated 
nsuaOy flows m pataM streams ate evenly 
p a c ked. If one conq)artment contains more 
grannies than anodietj less Jiqnid will flm 
through it than tiixou|^ die odier. Next it 
is difficult to "ksep the granules in place in a 
compartment: At the best die padked mass of 
grannies buxunes dii^daced by die liquid, wkh 
the result diat chatmidling widi its attem^nt 
drawbacks occurs. It may even happen tint 
some of die grannies are swept out of die 
compartment Co lodge in and dog the passage 
throng wfaidi the liquid flows after leaving 
the oranpartment 

A^in, the assembly of a cdl contamiog 
granules is very tedious and it is difficult to 
pi^svem the grannies frcmi lodging between 
the snr&ces whidi diootd mate to seal each 
coQipaitiiieot fiom die next; Ftadierj wfane 
the pactoi nws of gcsnnks touches the mem- 
tauie fsoes die geometry of die mass is 
different from that in die vemahider of the 
mass, and mose liquid tends to flow along the 
walls dian throng die bnO: of the mass* 
Hiis uneven flow is undestraUe; Finally^ if 
die coiiq[uttments are padced with granules 
the total xedstance to use flow of die fiqdd 
is increased and the cost of pumping die 
liquid tfarongh the cell is hi^ 

Accor^g to diis invention we nse not 
heads bat dicets of material having ion- 
eadiange properdes \ddch may be pieces 
loQ-sdective xnonbrane. The sheets may be 

rt in all die oompartments but in general 
is ej ^fu^ ^ ^^^^ ^ ^^^^^ coflQ«rt- 
ments dnoogli vnddi the liquid mider treat- 
ment flows and in which the decttnlyte coo- 
centradou js or becomes low. 

The sheets may all have icm-exdiange pto^ 
potties of <mk one land, bat if it is dc£ed 
to have bodi catkn^cxcfaange and anions 
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ODdmige mataial in sm^e conqjaraxKc:^ 
sheets of linds of material may be put 
in die can^wxtment or the sheeCK used may 
rtYnttmi bodi cadQDrexdiaog& and amon- 
exchange gtoops. 

The Sheets m^ advantageondy be of sub- 
gHtntfgHy idle same lengdi and widA as liie 
iw^whr smg faceft wMrin. tbe annpartmCDts* As 
28 the case widi beads, the ^leets mnst alkw 
Ifepp^ to flow 'diioii^ 1^ ofHTTpaTTments, To 
dib end inay be flat and^ezfoiated^ ooim- 
gated widi or wAoot pafiwrioMj, or cm- 
bossed a pHttem; wey may be^gawze 
or woven felmc, or they may be formed of 
granbles fig^idy cemttited togedier, so as to 
beHqddrpameable: Aitanmvdtf die sheets 
mayDe smaller thgn the compartment^ for 
esanq>le th^ may be pieces cut irom larger 
sheets. Snd^ cut pieocs may be of aoy Aap^ 
dther regokr or mc^idar. 

In any case the sneecs are paraM or saS> 
stazdial]^ paraUd to die membiane fioees, 
since a coag>artment is normal^ very narrow 
and. a she^ can be inserted m it with the 
mcjor feces irf die sheet paraUd to the mem- 
tone faces. Various arrangements can b e 
used to give the required flow. For exm^t^ 
the fleets may be cozzngated with, the com*- 
gatkns paraUd to the direction of flow or 
may be cormgated and perforated wMt the 
corrogadoDS ^mg at any an^e» or be flat and 
petfbraced in such a way dim: the pexfocatBins 
m -one-^eet are staggered rdalive to those 
in the nest sheeL . 

Hie dieets nuqf consi^ cl pieces of gauze 
or woven febdc carrj^ngiooreidiange gnmps. 
For fnfffTP^j iliey may be cotton Msdc or 
ganze diemicfi% treated (and so rendered more 
or kss imd) to introduce ion-exi^iange gro^s. 
Agaii^ may be pieces of a pnze of a 
xesm pot^nei^ e.g. poi^rvmyl diTo ri c fe ^ the 
' strands d ilie ganze being coated widi an 
ionrcxdiange roan or witii partides of '^idi 
A xeain embedded in a matns:.^ Su di^jbe ets 
are natoralty per fo ra t ed and it is su ffic a enf 
to pot t^'^ in face contact widi one anodier 
in tjie conmartmenr nndl tins is faU of die 
perforated &eets. If die weave is very dose, 
it may- be necessary to make perforations in 
a fahrid Shnfla^, if a co«i£f on a gauze 
blocks die interstices, pertoatums may be 
made in the gauze. 

Yet n gwfij me sbe^ may be tmboffitfo so 
88 to resemble pataUd rods jmned to one 
another by thhmer wd}s. 

Tile dhnsnsioQB of a typic|l ooxn^axtment 
in a sm^ cdl mw bel2 Iek^X 12 indiesX 
50 thousanddis or an fod>, .Sodi a ommaitr' 
ment may contain no more than two sheets 
if diese are perforated dieets eadi 12 ir^ies 
square' and & dioasanddis of ^ t&ch diic^ 
sodx fliiedts* mtqr botb be petforamd. widi h/iss, 


i inch ^ifl^gtgg in a dose r^olar pattern 
but <rfEset from one anodier in die two rf i e ets. 
One aich piece may have catkao-exdiange pro* 
perdes and the odier amaorexchange pm* 


Again meces in the foim <^ di^ cot from 
a large ^eet may be i indi m dimnrt iy and 
25 ditwy»^^» of an indi diid^ and msjr be 
BTtanged etdier so diat die one layer is all 
of tiiB one type and the odier layer all of the 
odier tjpt or eadi xypt may qpear in boA 

When fahdc or ganze is teed it ma y 
say, 5 thcu^nddis an indi tlud^ ^^ers 
being laid in face OKitact widi one anodier 
^IfflEdieconmartmeot Thelayeramay alter- 
iiate in tbek&Q-eschaiige propectfas. 

WHAT WE (XAIM IS:— 

1. A nxoM-compartQient dectrodi^yoc oeU 
m windi die OMnpartments aie separated ficcrn 
<Hie anotiicr by iim-sdective membxaneatt and 
n^teral toiogjoairegxAange properttes isigo-' 
Tided ht mne or all of ifie coan^tments to 
increa^ die dectiical oondpctTvity difiiem 
^dnle allowing Hqmd to flo w ttoy ^^ i3ie 
4 f ^p ^i t£m y |p ^gtit»^ jo, udddi tbe niaterial is In 

2. A cdl aoooKding to Oahn 1 in ^diidi 
die Aeeis are of sdbstaittially tbe same lengdi 
and widtii as the memfatane faces witMn die 

CCMTipyrtM?^*^t!^ 

3. A <:dl according to Claim 1 ci OaSm 2 
in whidi die c umpaiun ents coaitaia at least 
one sheet with catkmrcxchange pt^iieriies and 
anodier with. anionrexdKaige properties. 

4^ A cs3i according to any one of die pre- 
ceding dsdms in whkfa lie ~ 
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5, A cdi acoQiding to aa^ one of the pr^ 
M^e^Q dmns in whidi tbe sheets are 

CQETC^I^cd. 

6m A cell aocordii^ to zaj one of the pre* 
ceding dauns m whtdi tiie ^oeets are of Mnic 
or ganze carrying inorcaDdiange groins* 

7. A process for the dennnoafisation of 
T^iter by passage of water diroag}i altetjffite 

rranj^ rtmen^ fconded on OOe side by a 

cadoii-fiellective membr an e and on tbe otber 
mde by an ani(Ki-fi^ective membrane in a 
nxahJramqKatment decttodia^tic ceil vrbSit a 
second ejectrolyte flows throq^ the re ma^ ^ 
compartment^ the oonmartments tbron^ 
whidi the water to be donmeraliscd flows caa- 
taiohig ion-exdiange material to increa se th e 
dectrical omducdvity iberem wiiile allow h^g 
tbe water to flow tiirongji die ocHimaitmentSy 
in ^^xidi tiie piHtPn>i fa in sheet xonn. 

For tiie j^pi^can ts: 
ODLL, JENNINGS & EVERY, 
Gtertesed Fiitent Agents> 
51—5% Ghanceiy Luie^ JjaoOon, 
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PROVISIONAL SPBCEPICATION 
Improvements relating to Electrodialytic Processes 


Tm BBBMon r OoMP Ainr LiMrnn^ a 
Bdtisn. CompsDy^Qf Fcrmutk Houses Gnmufs- 
tety Aram^ London^ W.^^ do lio^ dedare 
this hxvexiiioii to be described hi the fcQowug 


It is koown to ranore dissolved salts bom 
li(|alds by pasahss die Hcpiid hi qnesdon 
^hftwi ^i evccy y^^^nft liff cftrnjpflrt nient d a 
TittiWH3iiin|wi Hiirot decocodislytic ccUhi vAkh 
10 die ooiupartmems ate s^^ated from one 
anodiar % hmrBeilecdve membtanes. 

Krooettes of dids Idnd aie veiy saitBble &r 
die degMtteralfffiirifln of water, but ^itn. the 
tottl amount of dissolved solids Ms to about 
15 SOO ppnu or is no most than diis M^BStf, 
k is neoessaty to ap]^ so h^ a voJtage 
to the cdl diat die process ceases to be 

It is also known to fill the compartments 
20 widi granular icm-exdiange material. Tlie 
advantage of doing dila Is ihat the overall 
dectrical redstance is reduced when the coo- 
centradon of ittiised dissolved sdids in die 
Imind is low; and consequently water ccai- 
25 tammg less dian 500 ppm. total dissolved 
soiids can be ec(momica&y treated. 

The grannlar m-exchange matedala most 
widdy used at die present time are xesm 
beads of from 1 to 2 mm in diamdser. Now 
30 die use of grannies sndi as rem beads has 
s^eral disadvantages. Firsts it is difficult to 
ensure that ifaey are initially disdlbated evenly 
within a c ompartm ent ai^ dust the several 
compartments' tiinms^ which the Hqcdd to be 

39 msmi waaSlf flows in paraUd streams are 
evenly packed. H one coa^partment contains 
marc grannies dian anothefi the streams flospr- 
ing thzou^ than wfll dMer, Next it is 
difficult to keep the grannies in place m a 

40 cumpaituig nt At the best the raded mass of 
granides becomes di^laced by die Uqoi(t uridi 
the result diat chwniidting widi its attendant 

. dtawbadcs ooctss. It may even b!q[ipen diat 
some ef die gtamxlcs ate out of die 

45 con^artment to lodge in and dog die passage 
thnm^ whic^ die Ikjuid.flows after leaving 
the cxwnj M^ ^ n^Mit*. 

Agahi, the assemUy of a cdl contaimng 
giamdes Is very tedious and it is dif&cdt to 

50 poevoit the grannies from lodging between 
the sorfBoes whidi should mate to seal each 
ooniQpartment £Eom the ncsrL Fnrdierj where 
the packed mass of granules toudies d^ mem^ 
brane faces die geometry of the mass is 

55 different from that in die remainder of die. 
mass, atd more Hq[aid tends to flow alongdie 
wbUs than dmmg^ die bulk cf the mass. Tins 
uneven flow is nndesirable. Finallyi if the 
c ompartm ents are packed widi grannies die 

CO t^af resistance to the fbw of the Hqcdd is 
increased and die cost of pnmping the liqdd 
dnong^ die odl is 14^ 


Accordii^ to diis invention we put ip iol. 
eyrhaoge matenal into a cdl in isie mam of 
pieoes handng at least one dimension, and pr^* 05 
femUy two dhnensionS} distmctly Isirget dum 
the nsnal beads. We are able to use fewer 
faeces, and in the preferred forms far fewer 
pieces, tium die nnmber of grannies required 
hitherto in a ora^Mfftmcnt. In fact at least 70 
it is possible by means of die invention to 
avdd dl the disadvantages (^aibed above, 

The pieoes may all have ion-eischange pro- 
petties of only one kmd, but if it is desired 
to luve both eatlon-esdiBnge and anion* 75 
exdiange matCTial in a sing^ compartmeDi^ 
pieces of both lands of matenal m^ be pot 
m die uumpaiim fint or die pieoes used may 
contain both cftt jop-ffflflpha n and amon* 
exctiange groups* 00 

The pieces of ion-eschange matedal used 
according to th& mveodon may be elongated 
in one dimenriqiV i^ be of a geiumlly rod 
Hke form, or in two dtmensfonfife^ Le; m the 
form of die^ Usudly one or mote nujoar 85 
dtmffnidoDs m each piece Is or are substan- 
tially greater than a minor dimensian. Badx 
ma|or dimendon is prefeiaUy greater tiian 
die dnckness <^ the compartment to be filled^ 
and in geooal the pieces have at least 90 
one m^ctf dimenffion of at least half an inch. 

The pieoes msy themsdves be conqjoait^ 
befaig conq^osed for esan^le of short lengdis of 
estruded rod joined tog^her* Again^ a conir 
posite piece msj omsist of gr^inles Kg^tdSty 95 
cemented together, e^ into a sheet, so as 
ID be liquidrpermeable. A cutting may be 
made fimn a conipodte sheet md used as a 

Advantageously pieces of ionr^xchange lOO 
material may be dieets of a size soffident to 
cover die mole of a membotane face widnn 
a co mpartm ent. These sheets may jbe flai^ 
corrugated^ or embossed with a pattern; diey 
may be of gauze or woven faSodc, or di^ 105 
may be formed of cemeui c d granular material 
as me n t ioned above, Akemativdy the sheets 
may be smaller than the compartment, for 
example di^ may be pieces cut fzom 
sheets* Snda cut peces may be of any sfas^ HO 
eidier r^nlar or nr^^ilar. 

hi order to allow liquid to flow through 
a coaq)artniefit die piece most not compladf 
fin die compartment Vadgus azzangementa 
can be used to give the requked flow. For 115 
e xam p l e, die ^eoes may be corrugated dieet 
widi tile corragadons paraDd to t& dheoioQ 

flow or may be sheet corrugated toid pec^ 
f orated with die oomigatians lymg at any atiglft 
or be flat sheets perforated in suchi a way diat 120 
the perforaticns in one sheet ate sta^ered 
rdanve to those in liie nest sheet. 

Pieces of ganze or woven fefidc used aoxwdr- 


4. 


11^ to die fEveodon may be madei f 
by dbemkaQy tteadng cottoa fAric or gauze 
to iuuodooe iourexdiaime groqps. The pro- 
ducts are satmaltf pexiosaced and it is snffi^ 
S gient- to lay diese one oa top of die odier 
^ndl die con^axtment is fiilL die weave 
is very dtose, it may be necessary to jnake 
pexfomtiiuis in a J&bdc 
Again, die pieces may be bundles of ioo* 
10 eocbange matedal in fibre or rod fonn. These 
' cm. be padDedln paiaM bosses ^ividi d^ 
axes pacaM to die diiecdoa of fiow^. Hie 
rods or fibres may be of a leogdi e^oal to 
diat of die conipartxneat or be shocter, 
15 Tec agsda^ die pieoesm^ be sheets or parts 
- of dieets cndmsed so as to form pataM rods 
joined to ooe anodier hf ddmier ^vdbs. 

Hie ^sDsoAm of a Qpscal ouspartoient 
in a smaU cdl mi7 be U £±dksXl2lndiesX 

20 sodioDsasddisofaaiDdL Bgngte of pieces 
ia sodi a cuuipai-uueot wiU now be giveuu 
PfifjifigMmrf^^ snrfia conmaitpieut may opnian 
no nioce diaa two pieces if diese axepeifacB^ 
dsets cadi 12 tndies square and 25 dioor 

V sanddis of an iodi diio^ sndi sheets may 
bodi be pGxfiocated Tvith. htdes, say, j-^ dia* 
CTTPfyr In s dose regular pattern bet ofiEBet 
from one anodier in die two sheets. One 


SQf^mece may have cadQQ<ssdiange lE^^ 

Slid w odier aninn-^xdiangejprioperdes. 30 

Ag2Qn pieces in die form oi discs cut fconi 
a large sheet m^ be \ indi in d i a iwfttttr and 
25 dionsandtbs of an mdi tbid^ and ws^ be 
arranged ddier so diat tfie one layer is all 
cf die one type and die o^ layer all of SS 
the other type or each type may appear in 
bodi layers* 

^Wben filaic or ganze ia used it wsj bc^ 
say, 5 dumsanddis of an iodi diid^ biym 
boqg ydii one en top off die odier fio fill 40 
die compartment. T!:^ layers may ahmtate &i 
dielr icor^sdiange properties. 

U bmsdies of rods axe used they may be 
12 ^oog tofill a J2 indi couipaitment^ 
or tiiey nsybe E^iorter and laid end to end 45 
to make no the lengdi of die ooomartment; 
They flhoiM be ananged so diat die Hqaid 
fioar is ahmg dietr length. 

Again, rods each, say> 50 dionsandtbs of an 
indi in dianieter may be laid in a an^ SO 
layer to occupy the whole thfcfaess of die 
uid WSJ be altenatdy cadm- 
sdecdve and anicairsetoctive. 

For the ka^kaaX&x 
(HLL» JHNNmGS & EVTOT^ 
Chartered Fatem Agents, 

51—52, Chancery Lane, Lcndtms W.G2. 


Leamhistcm. Spa: Printed for Her Mqf ( 
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